Introduction {#section6-1756286419837809}
============

Natalizumab (NTZ) is a humanized monoclonal antibody against α4-integrin that is approved for relapsing--remitting multiple sclerosis (RRMS).^[@bibr1-1756286419837809],[@bibr2-1756286419837809]^ Whereas NTZ is associated with good overall long-term efficacy and tolerability,^[@bibr3-1756286419837809]^ prolonged treatment with NTZ is known to increase the risk of progressive multifocal leukoencephalopathy (PML) by opportunistic infection with John Cunningham virus (JCV).^[@bibr4-1756286419837809]^

Three factors have been identified as increasing the risk of PML in NTZ-treated patients: (i) longer treatment duration, especially beyond 2 years; (ii) prior exposure to immunosuppressants (e.g. mitoxantrone, azathioprine, methotrexate, cyclophosphamide, and/or mycophenolate mofetil); and (iii) the presence of anti-JCV antibodies in serum.^[@bibr5-1756286419837809][@bibr6-1756286419837809][@bibr7-1756286419837809]--[@bibr8-1756286419837809]^ Patients without a prior history of immunosuppressant use but with a high anti-JCV antibody index are also considered at higher risk of PML.^[@bibr7-1756286419837809],[@bibr9-1756286419837809]^ Infection by JCV is a prerequisite for the development of PML, but patients who are anti-JCV antibody negative are still at risk for PML due to the potential for a new JCV infection or a false-negative test result. A recently published meta-analysis collecting data from 10 studies showed a mean seroconversion rate of 10.8% per year, and the average annual seroreversion rate (i.e. changing back to anti-JCV antibody negative status, as assessed in three studies) was 5.4%.^[@bibr10-1756286419837809]^ In the seven studies incorporating index into the evaluation of serostatus change, the average percentage of patients converting from anti-JCV antibody negative with subsequent index values \>0.9 was 3.5% per year.^[@bibr10-1756286419837809]^ However, studies of seroconversion are subject to bias and many have limited follow-up time. In a longitudinal study over 6 years, the annual serostatus change was approximately 3%, and index category changes were more likely in patients with an index close to the category threshold.^[@bibr11-1756286419837809]^

Despite published PML risk estimates for anti-JCV antibody positive patients to enable risk stratification^[@bibr9-1756286419837809]^ and patient monitoring guidance to minimize PML risk,^[@bibr12-1756286419837809]^ there is presently no consensus on how to manage patients at high risk of PML discontinuing NTZ or on the optimal protocols for its cessation. In the effort to optimize treatment when discontinuation of NTZ is required, a large number of studies have investigated switching and other so-called 'bridging' strategies to avoid return to pretreatment relapse rate levels and subsequent disability. There are currently no guidelines for treatment switching post-NTZ; but just one randomized clinical trial, namely RESTORE,^[@bibr13-1756286419837809]^ and several observational studies providing mixed results.^[@bibr14-1756286419837809][@bibr15-1756286419837809][@bibr16-1756286419837809][@bibr17-1756286419837809][@bibr18-1756286419837809][@bibr19-1756286419837809][@bibr20-1756286419837809][@bibr21-1756286419837809]--[@bibr22-1756286419837809]^ Although there is some evidence that such discontinuation strategies may be effective in the prevention of PML,^[@bibr23-1756286419837809]^ the possibility of carryover PML should be considered in patients who switch from NTZ to alternative treatment.^[@bibr24-1756286419837809],[@bibr25-1756286419837809]^ Complicating the consideration of PML risk during continuation of NTZ treatment in high-risk cases, most studies have shown that interruption of NTZ is often associated with return of disease activity that appears to be consistent with the known pharmacokinetic and pharmacodynamic properties of NTZ following discontinuation.^[@bibr26-1756286419837809][@bibr27-1756286419837809]--[@bibr28-1756286419837809]^

In an effort to shed more light on this important issue of NTZ discontinuation, this systematic review and meta-analysis summarizes and assesses the available clinical evidence on discontinuation of NTZ in patients with RRMS. This is especially important in trying to predict which patients will experience post-NTZ disease reactivation.

Methods {#section7-1756286419837809}
=======

Eligibility criteria {#section8-1756286419837809}
--------------------

To be included in the meta-analysis, studies must involve adult patients (⩾18 years) with RRMS, have a minimum follow up of 4 weeks after NTZ cessation, and have studying the effects of withdrawal of NTZ in patients with RRMS as a major aim.

Electronic sources and search {#section9-1756286419837809}
-----------------------------

In accordance with the Preferred Reporting Items for Systematic Review and Meta-Analyses statement,^[@bibr29-1756286419837809]^ an electronic search of the literature published in English through March 2016 was carried out using PubMed, with no limitations based on publication status. The search string was based on the Medical Subject Headings (MeSH) terms 'natalizumab', 'discontinuation', 'interruption', 'suspension', and 'withdrawal', which were used in different combinations ([Supplementary File 1](https://journals.sagepub.com/doi/suppl/10.1177/1756286419837809)).

Study selection and quality assessment {#section10-1756286419837809}
--------------------------------------

The authors screened abstracts and full texts of the retrieved references to determine whether they were appropriate for inclusion in the present analysis. The authors independently extracted the data from each original publication, including the first author's name, the year of publication, the number of patients, patient characteristics, the duration of follow up, and outcomes. Only original research articles were considered eligible for inclusion; reviews, case reports, and very small series (fewer than five patients) were excluded. No attempt was made to retrieve abstracts presented at scientific meetings given the limited information that these would provide in the context of this analysis. Assessment of the eligibility of publications for inclusion was performed by the authors, and any disagreements were resolved by consensus.

Meta-analysis {#section11-1756286419837809}
-------------

We performed a generic inverse variance with random-effect models using Review Manager version 5.3.5 (RevMan, Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014) to calculate the weighted effect of patients' clinical characteristics on the risk of post-NTZ disease reactivation, defined as the occurrence of at least one clinical relapse after NTZ withdrawal and before initiation of another disease-modifying treatment (DMT). Only studies in which there was a clear distinction between patients who experienced post-NTZ disease reactivation and those who did not entered in the quantitative analysis. Studies from the same groups potentially reporting overlapped data were carefully checked to select only the most informative. Forest plots for each variable of interest were generated, which included sex, age, disease duration, the number of relapses in the year prior to NTZ start, Expanded Disability Status Scale (EDSS) score, the number of gadolinium-enhanced (Gd+) lesions at pre-NTZ magnetic resonance imaging (MRI) scan, and the total number of infusions received before treatment discontinuation. Results are presented as risk differences or standardized mean differences (with 95% confidence intervals) for dichotomous and continuous variables, respectively. The heterogeneity of included studies was addressed by the estimation of Tau^[@bibr2-1756286419837809]^ and *I*^2^, with an *I*^2^ value \<40% considered an indicator of marginal heterogeneity. Potential publication bias of included studies was determined by Egger *p* value.

Results {#section12-1756286419837809}
=======

Study selection {#section13-1756286419837809}
---------------

[Figure 1](#fig1-1756286419837809){ref-type="fig"} shows a flowchart of study selection from the initial results of the publication searches to final inclusion or exclusion. The original literature search identified 205 publications. After removal of duplicates and title/abstract screening, 158 records were excluded based on not being relevant to RRMS, not directly examining the clinical consequences of NTZ discontinuation, or being case reports or commentaries/editorials. Excluded publications are listed in [Supplementary File 2](https://journals.sagepub.com/doi/suppl/10.1177/1756286419837809). Forty-seven articles were then assessed for eligibility through review of full text. Of these, 12 were excluded based on the patient population, treatments, or study objectives. Thus, a total of 35 articles were included in the present systematic review. Even if including patients with progressive multiple sclerosis, we did not exclude the studies by West and colleagues^[@bibr30-1756286419837809]^ and Miravalle and colleagues^[@bibr31-1756286419837809]^ whose results were mainly based on patients with RRMS.

![Flowchart of evaluation process for the systematic review and meta-analysis.](10.1177_1756286419837809-fig1){#fig1-1756286419837809}

These studies, which were published between 2008 and 2016, were highly heterogeneous with regard to the number of patients, follow up, the measurement of disease activity, and other relevant criteria ([Table 1](#table1-1756286419837809){ref-type="table"}).^[@bibr13-1756286419837809][@bibr14-1756286419837809][@bibr15-1756286419837809][@bibr16-1756286419837809][@bibr17-1756286419837809][@bibr18-1756286419837809][@bibr19-1756286419837809][@bibr20-1756286419837809]--[@bibr21-1756286419837809],[@bibr26-1756286419837809][@bibr27-1756286419837809]--[@bibr28-1756286419837809],[@bibr30-1756286419837809][@bibr31-1756286419837809]--[@bibr32-1756286419837809],[@bibr34-1756286419837809][@bibr35-1756286419837809][@bibr36-1756286419837809][@bibr37-1756286419837809][@bibr38-1756286419837809][@bibr39-1756286419837809][@bibr40-1756286419837809][@bibr41-1756286419837809][@bibr42-1756286419837809][@bibr43-1756286419837809][@bibr44-1756286419837809][@bibr45-1756286419837809][@bibr46-1756286419837809][@bibr47-1756286419837809][@bibr48-1756286419837809][@bibr49-1756286419837809][@bibr50-1756286419837809][@bibr51-1756286419837809][@bibr52-1756286419837809]--[@bibr53-1756286419837809]^ We identified several articles at high risk of overlapped data because published by the same group.^[@bibr15-1756286419837809],[@bibr17-1756286419837809],[@bibr19-1756286419837809],[@bibr20-1756286419837809],[@bibr27-1756286419837809],[@bibr32-1756286419837809][@bibr33-1756286419837809][@bibr34-1756286419837809][@bibr35-1756286419837809][@bibr36-1756286419837809][@bibr37-1756286419837809][@bibr38-1756286419837809]--[@bibr39-1756286419837809]^ The various parameters considered are analyzed separately in the following.

###### 

Studies investigating natalizumab discontinuation in relapsing--remitting multiple sclerosis.

![](10.1177_1756286419837809-table1)

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                                 Study design\                                                                                      Sample\       Time of NTZ\                                                                             Post-NTZ\                                                                          Reported % with relapses                                                                                                Reported % with MRI activity
                                                        (follow up)\*                                                                                      size          interruption\                                                                            treatment                                                                                                                                                                                                  
                                                                                                                                                                         (washout)                                                                                                                                                                                                                                                                                           
  ----------------------------------------------------- -------------------------------------------------------------------------------------------------- ------------- ---------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------
  Borriello et al.^[@bibr32-1756286419837809]^          Single-center, prospective                                                                         *n* = 21      Mean: 111.5 days\                                                                        None                                                                               19%                                                                                                                     47.4%
                                                                                                                                                                         Interval: 90--180 days                                                                                                                                                                                                                                                                              

  Borriello et al.^[@bibr15-1756286419837809]^          Single-center, prospective                                                                         *n* = 23      Mean: 117 (±14.8) days\                                                                  Pulse MPL                                                                          17.4%                                                                                                                   30.4%
                                                                                                                                                                         Interval: 90--150 days                                                                                                                                                                                                                                                                              

  Capobianco et al.^[@bibr20-1756286419837809]^         Single-center, retrospective\                                                                      *n* = 79      1 to 3 months                                                                            None (*n* = 24)\                                                                   31.4% (FTY)\                                                                                                            Not reported
                                                        (1--12 months)                                                                                                                                                                                            FTY (*n* = 35)\                                                                    41.8% (None + other treatments)                                                                                         
                                                                                                                                                                                                                                                                  Other treatments (AZA, GA, IFNB, steroids) (*n* = 20)                                                                                                                                                      

  Clerico et al.^[@bibr40-1756286419837809]^            Multicenter, prospective\                                                                          *n* = 124     No washout except for FTY (3-month WO)                                                   Continued NTZ (*n* = 43)\                                                          Not reported\                                                                                                           48.1% in NTZ interrupters
                                                        (12 months)                                                                                                                                                                                               GA, IFNB, FTY or MTX (*n* = 81)                                                    (median number of relapses in NTZ interrupters = 1)                                                                     

  Cohen et al.^[@bibr41-1756286419837809]^              Multicenter survey on prospectively collected data\                                                *n* = 333     Mean: 17 weeks\                                                                          FTY                                                                                27%                                                                                                                     Not reported
                                                        (6 months)                                                                                                       Interval: 2--156 weeks                                                                                                                                                                                                                                                                              

  Ferré et al.^[@bibr37-1756286419837809]^              Single-center, retrospective\                                                                      *n* = 15      1^st^ withdrawal: \~1 month\                                                             1^st^ withdrawal: GA (*n* = 12), IFNB (*n* = 2), none (*n* = 1)\                   1^st^ withdrawal: 80%\                                                                                                  1^st^ withdrawal: 87%\
                                                        (12 months)                                                                                                      2^nd^ withdrawal: \~4 months                                                             2^nd^ withdrawal: FTY (*n* = 12), IS (*n* = 2), RTX (*n* = 1)                      2^nd^ withdrawal: 73.5%                                                                                                 2^nd^ withdrawal: 60%

  Fox et al.^[@bibr13-1756286419837809]^                Phase IV, randomized, partially PBO-controlled exploratory study\                                  *n* = 175     GA and IFNB: 0 days\                                                                     Continued NTZ (*n* = 45)\                                                          Continued NTZ: 4%\                                                                                                      Continued NTZ: 0%\
                                                        (24 months)                                                                                                      PBO: 4 weeks\                                                                            PBO (*n* = 42)\                                                                    PBO: 17%\                                                                                                               PBO: 46%\
                                                                                                                                                                         MPL: 12 weeks                                                                            GA (*n* = 17)\                                                                     GA: 27%\                                                                                                                GA: 53%\
                                                                                                                                                                                                                                                                  IFNB (*n* = 17)\                                                                   IFNB: 29%\                                                                                                              IFNB: 7%\
                                                                                                                                                                                                                                                                  MPL (*n* = 54)                                                                     MPL: 15%                                                                                                                MPL: 40%

  Gobbi et al.^[@bibr42-1756286419837809]^              Randomized, rater-blinded, parallel-group, pilot study\                                            *n* = 19      IFNB: 30 days                                                                            Continued NTZ (*n* = 10)\                                                          Continued NTZ: 0%\                                                                                                      Continued NTZ: 37.5%\
                                                        (12 months)                                                                                                                                                                                               IFNB (*n* = 9)                                                                     IFNB: 22%                                                                                                               IFNB: 75%

  Grimaldi et al.^[@bibr28-1756286419837809]^           Bi-center, prospective, examination of 386 MRI scans                                               *n* = 166     MRI scans obtained from 1 to ⩾13 weeks after the last NTZ infusion                       None                                                                               Not reported                                                                                                            Whole sample: 12.2%\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Scans obtained \>4 weeks after the last NTZ infusion (*n* = 113): 23.1%

  Havla et al.^[@bibr17-1756286419837809]^              Multicenter, prospective (\~12 months)                                                             *n* = 36      Median: 13.7 weeks\                                                                      None (*n* = 10)\                                                                   No DMT: 70%\                                                                                                            No DMT: 67%\
                                                                                                                                                                         IQR: 5.4 weeks                                                                           FTY (*n* = 26)                                                                     FTY: 42%                                                                                                                FTY: 9%

  Hoepner et al.^[@bibr36-1756286419837809]^            Multicenter, retrospective\                                                                        *n* = 33      Mean: 14.9 (±4.7) weeks                                                                  FTY                                                                                During washout: 61%\                                                                                                    Not reported
                                                        (12 months)                                                                                                                                                                                                                                                                                  During FTY treatment: 48%                                                                                               

  Iaffaldano et al.^[@bibr21-1756286419837809]^         Multicenter, observational, (12 months)                                                            *n* = 613     Median: 2.5 months\                                                                      GA or IFNB (*n* = 298)\                                                            During washout: 19.4%\                                                                                                  Not reported
                                                                                                                                                                         IQR: 4.3 months                                                                          FTY (*n* = 135)                                                                    During GA or IFNB: 15%\                                                                                                 
                                                                                                                                                                                                                                                                                                                                                     During FTY treatment: 27%                                                                                               

  Jokubaitis et al.^[@bibr18-1756286419837809]^         Multicenter, observational (\~10 months)                                                           *n* = 536     Median: 79 days\                                                                         FTY (*n* = 89)                                                                     20.2%                                                                                                                   Not reported
                                                                                                                                                                         IQR: 39 days                                                                                                                                                                                                                                                                                        

  Kappos et al.^[@bibr43-1756286419837809]^             Multicenter, double-blind, placebo-controlled trial\                                               *n* = 142     Randomization in a 1:1:1 ratio to different washout periods: 8 weeks (*n* = 50);\        FTY                                                                                During washout:\                                                                                                        During washout:\
                                                        (24 weeks)                                                                                                       12 (8+4 PBO) weeks (*n* = 42); or 16 (8+8 PBO) weeks (*n* = 50) from last NTZ infusion                                                                                      8 weeks group: 4%\                                                                                                      8 weeks group: 14%\
                                                                                                                                                                                                                                                                                                                                                     12 weeks group: 0%\                                                                                                     12 weeks group: 26%\
                                                                                                                                                                                                                                                                                                                                                     16 weeks group: 10%\                                                                                                    16 weeks group: 58%\
                                                                                                                                                                                                                                                                                                                                                     During FTY treatment:\                                                                                                  During FTY treatment:\
                                                                                                                                                                                                                                                                                                                                                     8 weeks group: 12%\                                                                                                     8 weeks group: 39%\
                                                                                                                                                                                                                                                                                                                                                     12 weeks group: 9.5%\                                                                                                   12 weeks group: 45%\
                                                                                                                                                                                                                                                                                                                                                     16 weeks group: 26%                                                                                                     16 weeks group: 68%

  Kaufman et al.^[@bibr44-1756286419837809]^            *Post hoc* analysis of RESTORE: phase IV, randomized, partially PBO-controlled exploratory study   *n* = 175     GA and IFNB: 0 days\                                                                     Continued NTZ (*n* = 45)\                                                          --                                                                                                                      Continued NTZ: 0%\
                                                                                                                                                                         PBO: 4 weeks\                                                                            PBO (*n* = 42)\                                                                                                                                                                                            PBO: 61%\
                                                                                                                                                                         MPL: 12 weeks                                                                            GA (*n* = 17)\                                                                                                                                                                                             Other treatments: 48%\
                                                                                                                                                                                                                                                                  IFNB (*n* = 17)\                                                                                                                                                                                           (Gd+ lesions detection started at week 12; most were observed at ⩾week 16)
                                                                                                                                                                                                                                                                  MPL (*n* = 54)                                                                                                                                                                                             

  Kerbrat et al.^[@bibr45-1756286419837809]^            Multicenter, observational (\~6 months)                                                            *n* = 27      ⩽6 months                                                                                None                                                                               67%                                                                                                                     68%

  Killestein et al.^[@bibr46-1756286419837809]^         Single-center, prospective (6 months)                                                              *n* = 10      Mean: 17 weeks\                                                                          None                                                                               70%                                                                                                                     80%
                                                                                                                                                                         Interval: 8--22 weeks                                                                                                                                                                                                                                                                               

  Lo Re et al.^[@bibr38-1756286419837809]^              Multicenter, retrospective\                                                                        *n* = 132     Median: 5 months                                                                         None (*n* = 28)\                                                                   54.5%                                                                                                                   48%
                                                        (12 months)                                                                                                                                                                                               NTZ restart (*n* = 9)\                                                                                                                                                                                     
                                                                                                                                                                                                                                                                  FTY (*n* = 57),\                                                                                                                                                                                           
                                                                                                                                                                                                                                                                  "first-line" DMT (IFNB, GA, TER, AZA) (*n* = 16)\                                                                                                                                                          
                                                                                                                                                                                                                                                                  IS (*n* = 4)\                                                                                                                                                                                              
                                                                                                                                                                                                                                                                  AHSCT (*n* = 2)                                                                                                                                                                                            

  Magraner et al.^[@bibr14-1756286419837809]^           Multicenter, prospective\                                                                          *n* = 18      3 months                                                                                 MPL followed by GA                                                                 During washout: 0%\                                                                                                     During washout: 0%\
                                                        (\~10 months)                                                                                                                                                                                                                                                                                At month 6: 16.6%\                                                                                                      At month 6: 55.5%
                                                                                                                                                                                                                                                                                                                                                     At follow-up: 33.3%                                                                                                     

  Melis et al.^[@bibr47-1756286419837809]^              Single-center, retrospective\                                                                      *n* = 54      \~3--4 months                                                                            None (*n* = 35) or MPL (*n* = 19) followed by:\                                    57.4%                                                                                                                   47.1%
                                                        (12 months)                                                                                                                                                                                               NTZ restart (*n* = 24)\                                                                                                                                                                                    
                                                                                                                                                                                                                                                                  Unspecified immunomodulants (*n* = 11)\                                                                                                                                                                    
                                                                                                                                                                                                                                                                  IS (*n* = 5)\                                                                                                                                                                                              
                                                                                                                                                                                                                                                                  FTY (*n* = 2)                                                                                                                                                                                              

  Miravalle et al.^[@bibr31-1756286419837809]^          Single-center, prospective                                                                         *n* = 32      Mean: \~4 months                                                                         None                                                                               38%                                                                                                                     Not reported

  O'Connor et al.^[@bibr26-1756286419837809]^           *Post hoc* analysis of AFFIRM, SENTINEL, and GLANCE\                                               *n* = 1,866   \~8 months                                                                               None: \~87%\                                                                       21%                                                                                                                     \~35%
                                                        (12 months)                                                                                                                                                                                               Alternative DMT (GA or IFNB): \~13%                                                                                                                                                                        

  Prosperini et al.^[@bibr39-1756286419837809]^         Multicenter, retrospective\                                                                        *n* = 415     Not reported                                                                             Discontinuing NTZ (*n* = 122):\                                                    Mean cumulative no. of relapses was 0.39 in NTZ continuers *versus* 1.45 in NTZ discontinuers (*p* \< 0.001)            Not reported
                                                        (6 years from NTZ start)                                                                                                                                                                                  FTY (*n* = 55)\                                                                                                                                                                                            
                                                                                                                                                                                                                                                                  GA (*n* = 36)\                                                                                                                                                                                             
                                                                                                                                                                                                                                                                  IFNB (*n* = 12)\                                                                                                                                                                                           
                                                                                                                                                                                                                                                                  MTX (*n* = 2)\                                                                                                                                                                                             
                                                                                                                                                                                                                                                                  AZA (*n* = 2)\                                                                                                                                                                                             
                                                                                                                                                                                                                                                                  CYC (*n* = 2)\                                                                                                                                                                                             
                                                                                                                                                                                                                                                                  RTX (*n* = 1)\                                                                                                                                                                                             
                                                                                                                                                                                                                                                                  None (*n* = 12)                                                                                                                                                                                            

  Rinaldi et al.^[@bibr16-1756286419837809]^            Single-center, prospective\                                                                        *n* = 22      3 months                                                                                 FTY                                                                                23%                                                                                                                     45%
                                                        (6--10 months)                                                                                                                                                                                                                                                                                                                                                                                                       

  Rossi et al.^[@bibr34-1756286419837809]^              Bi-center, prospective\                                                                            *n* = 40      4 weeks                                                                                  GA                                                                                 37.5%                                                                                                                   56%
                                                        (12 months)                                                                                                                                                                                                                                                                                                                                                                                                          

  Rossi et al.^[@bibr35-1756286419837809]^              Bi-center, prospective\                                                                            *n* = 93      4 weeks                                                                                  Continuing NTZ (*n* = 37)\                                                         69.6% of NTZ discontinuers had relapses and/or MRI reactivation                                                         
                                                        (6 months)                                                                                                                                                                                                GA (*n* = 37)\                                                                                                                                                                                             
                                                                                                                                                                                                                                                                  IFNB (*n* = 19)                                                                                                                                                                                            

  Rossi et al.^[@bibr19-1756286419837809]^              Single-center, retrospective\                                                                      *n* = 105     4 weeks                                                                                  GA (*n* = 40)\                                                                     GA: 35%\                                                                                                                GA: 56%\
                                                        (6 months)                                                                                                                                                                                                GA + MPL (*n* = 40)\                                                               GA + MPL: 60%\                                                                                                          GA + MPL: 84.6%\
                                                                                                                                                                                                                                                                  IFNB (*n* = 25)                                                                    IFNB: 76%                                                                                                               IFNB: 50%

  Salhofer-Polanyi et al.^[@bibr48-1756286419837809]^   Multicenter survey on retrospectively collected data\                                              *n* = 201     Median: 3 months\                                                                        None (*n* = 28)\                                                                   60.9%                                                                                                                   30%
                                                        (12 months)                                                                                                      Interval: \<3--12 months                                                                 Alternative DMT (FTY, GA, NTZ restart, ⩾1 DMT) (*n* = 176)                                                                                                                                                 

  Sangalli et al.^[@bibr27-1756286419837809]^           Single-center, prospective\                                                                        *n* = 110     \~1 month                                                                                GA (*n* = 72)\                                                                     56% at 1 year of follow up                                                                                              65% at 1 year of follow up
                                                        (\~22.4 months)                                                                                                                                                                                           IFNB (*n* = 18)\                                                                                                                                                                                           
                                                                                                                                                                                                                                                                  FTY (*n* = 10)\                                                                                                                                                                                            
                                                                                                                                                                                                                                                                  None (*n* = 10)                                                                                                                                                                                            

  Sempere et al.^[@bibr49-1756286419837809]^            Single-center, prospective\                                                                        *n* = 18      3 months                                                                                 MPL followed by FTY (*n* = 8)                                                      63%                                                                                                                     71% after 9 months from NTZ interruption
                                                        (4--12 months)                                                                                                                                                                                                                                                                                                                                                                                                       

  Sorensen et al.^[@bibr50-1756286419837809]^           Multicenter survey on prospectively collected data\                                                *n* = 375     Mean: 3.8 months\                                                                        FTY (*n* = 244)\                                                                   0--3 months after NTZ discontinuation: 16.8%\                                                                           Not reported
                                                        (3--12 months)                                                                                                   Interval: 0--53.3 months                                                                 MTX (*n* = 36)\                                                                    4--6 months after NTZ discontinuation: 10.9%\                                                                           
                                                                                                                                                                                                                                                                  NTZ restart (*n* = 30)\                                                            7--9 months after NTZ discontinuation: 9.9%\                                                                            
                                                                                                                                                                                                                                                                  GA (*n* = 15)\                                                                     10--12 months after NTZ discontinuation: 5.8%                                                                           
                                                                                                                                                                                                                                                                  IFNB (*n* = 14)\                                                                                                                                                                                           
                                                                                                                                                                                                                                                                  Unspecified DMT (*n* = 17)\                                                                                                                                                                                
                                                                                                                                                                                                                                                                  None (*n* = 10)                                                                                                                                                                                            

  Stuve et al.^[@bibr51-1756286419837809]^              Longitudinal assessment following suspension of NTZ phase III trials\                              *n* = 23      Not reported                                                                             None (*n* = 4)\                                                                    \~9%                                                                                                                    No significant difference after NTZ interruption
                                                        (14 months)                                                                                                                                                                                               IFNB (*n* = 15)\                                                                                                                                                                                           
                                                                                                                                                                                                                                                                  IFNB + MMF (*n* = 1)\                                                                                                                                                                                      
                                                                                                                                                                                                                                                                  GA (*n* = 1)\                                                                                                                                                                                              
                                                                                                                                                                                                                                                                  GA + MMF (n = 1)\                                                                                                                                                                                          
                                                                                                                                                                                                                                                                  Unknown (*n* = 1)                                                                                                                                                                                          

  Vellinga et al.^[@bibr52-1756286419837809]^           Longitudinal assessment, following suspension of NTZ phase III trials                              *n* = 21      \~15 months                                                                              None                                                                               Median annual relapse rate was 1.15 in the pretreatment interval and 0.73 in the post-withdrawal interval (*p* = ns).   Median annualized number of active T2 lesions was higher in the post-withdrawal interval than in the pretreatment interval (10.32 *versus* 3.43, *p* = 0.014)

  Vidal-Jordana et al.^[@bibr53-1756286419837809]^      Single-center, prospective\                                                                        *n* = 47      Mean: 6.8 months                                                                         None (*n* = 25) or MPL (*n* = 22) followed by another unspecified DMT (*n* = 31)   70%                                                                                                                     53.2%
                                                        (12 months)                                                                                                                                                                                                                                                                                                                                                                                                          

  West et al.^[@bibr30-1756286419837809]^               Single-center, retrospective                                                                       *n* = 68      6 months                                                                                 None (*n* = 64)\                                                                   28%                                                                                                                     32%
                                                                                                                                                                                                                                                                  Unspecified DMT (*n* = 4)                                                                                                                                                                                  
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AHSTC, autologous hematopoietic stem cell transplantation; ARR, annualized relapse rate; AZA, azathioprine; CYS, cyclophosphamide; DMT, disease-modifying treatment; EDSS, Expanded Disability Status Scale; FTY, fingolimod; GA, glatiramer acetate; IFNB, interferon beta; IQR, interquartile range; IS, immunosuppressants; MMF, mycophenolate mofetil; MPL, methylprednisolone; MRI, magnetic resonance imaging; MTX, mitoxantrone; NTZ, natalizumab; PBO, placebo; RTX, rituximab; TER, teriflunomide.

Study design and sample size {#section14-1756286419837809}
----------------------------

As expected, the designs of the 35 studies varied widely. Only five of the studies were randomized trials (two *post hoc* analyses);^[@bibr13-1756286419837809],[@bibr26-1756286419837809],[@bibr42-1756286419837809][@bibr43-1756286419837809]--[@bibr44-1756286419837809]^ the remainder were longitudinal assessment following suspension of phase III trials on NTZ (2),^[@bibr51-1756286419837809],[@bibr52-1756286419837809]^ prospective (15)^[@bibr14-1756286419837809][@bibr15-1756286419837809][@bibr16-1756286419837809]--[@bibr17-1756286419837809],[@bibr27-1756286419837809],[@bibr28-1756286419837809],[@bibr31-1756286419837809],[@bibr32-1756286419837809],[@bibr34-1756286419837809],[@bibr35-1756286419837809],[@bibr40-1756286419837809],[@bibr46-1756286419837809],[@bibr49-1756286419837809],[@bibr50-1756286419837809],[@bibr53-1756286419837809]^ or retrospective analyses (11),^[@bibr18-1756286419837809][@bibr19-1756286419837809][@bibr20-1756286419837809]--[@bibr21-1756286419837809],[@bibr30-1756286419837809],[@bibr36-1756286419837809][@bibr37-1756286419837809][@bibr38-1756286419837809]--[@bibr39-1756286419837809],[@bibr45-1756286419837809],[@bibr47-1756286419837809]^ and two multicenter surveys on prospectively collected data (i.e. treating physicians were asked to fill in an ad hoc questionnaire).^[@bibr41-1756286419837809],[@bibr48-1756286419837809]^ The majority of studies involved a relatively small number of patients. The smallest was that of Killestein and colleagues,^[@bibr46-1756286419837809]^ with 10 patients, whereas the largest was that of O'Connor and colleagues,^[@bibr26-1756286419837809]^ a *post hoc* analysis of 1866 patients from the AFFIRM, SENTINEL, and GLANCE trials who voluntarily suspended NTZ. The second-largest analysis was an observational prospective cohort study by Iaffaldano and colleagues involving 613 patients,^[@bibr21-1756286419837809]^ followed by another observational study by Jokubaitis and colleagues in 536 patients.^[@bibr18-1756286419837809]^ The largest randomized trial was that of Fox and colleagues,^[@bibr13-1756286419837809]^ in which 175 patients were allocated 1:1:2 to continue NTZ (*n* = 45), switch to placebo (*n* = 42), or switch to other therapies (*n* = 88) for 24 weeks.

Baseline characteristics {#section15-1756286419837809}
------------------------

Baseline characteristics, when provided, were similar between studies. Pre-NTZ mean disease duration was reported in 27 articles^[@bibr13-1756286419837809][@bibr14-1756286419837809][@bibr15-1756286419837809][@bibr16-1756286419837809][@bibr17-1756286419837809][@bibr18-1756286419837809]--[@bibr19-1756286419837809],[@bibr21-1756286419837809],[@bibr27-1756286419837809],[@bibr28-1756286419837809],[@bibr31-1756286419837809],[@bibr34-1756286419837809][@bibr35-1756286419837809][@bibr36-1756286419837809]--[@bibr37-1756286419837809],[@bibr39-1756286419837809],[@bibr40-1756286419837809],[@bibr42-1756286419837809][@bibr43-1756286419837809][@bibr44-1756286419837809]--[@bibr45-1756286419837809],[@bibr48-1756286419837809][@bibr49-1756286419837809]--[@bibr50-1756286419837809],[@bibr52-1756286419837809],[@bibr53-1756286419837809]^ and was in the range of 5--11 years. Average (mean or median) EDSS at baseline was reported in 25 articles^[@bibr13-1756286419837809][@bibr14-1756286419837809]--[@bibr15-1756286419837809],[@bibr17-1756286419837809][@bibr18-1756286419837809]--[@bibr19-1756286419837809],[@bibr21-1756286419837809],[@bibr26-1756286419837809],[@bibr27-1756286419837809],[@bibr31-1756286419837809],[@bibr34-1756286419837809],[@bibr38-1756286419837809][@bibr39-1756286419837809][@bibr40-1756286419837809][@bibr41-1756286419837809][@bibr42-1756286419837809][@bibr43-1756286419837809][@bibr44-1756286419837809]--[@bibr45-1756286419837809],[@bibr47-1756286419837809][@bibr48-1756286419837809]--[@bibr49-1756286419837809],[@bibr50-1756286419837809],[@bibr53-1756286419837809]^ and was in the 2.0--5.0 range. Pre-NTZ mean annualized relapse rate (ARR) was reported in 22 articles^[@bibr14-1756286419837809],[@bibr17-1756286419837809],[@bibr19-1756286419837809],[@bibr21-1756286419837809],[@bibr27-1756286419837809],[@bibr30-1756286419837809],[@bibr32-1756286419837809],[@bibr34-1756286419837809][@bibr35-1756286419837809][@bibr36-1756286419837809][@bibr37-1756286419837809][@bibr38-1756286419837809][@bibr39-1756286419837809][@bibr40-1756286419837809][@bibr41-1756286419837809]--[@bibr42-1756286419837809],[@bibr45-1756286419837809][@bibr46-1756286419837809][@bibr47-1756286419837809][@bibr48-1756286419837809][@bibr49-1756286419837809]--[@bibr50-1756286419837809],[@bibr52-1756286419837809]^ and was in the 0.9--2.5 range. Duration of NTZ treatment was less well defined, with 9 articles^[@bibr13-1756286419837809],[@bibr15-1756286419837809],[@bibr17-1756286419837809],[@bibr21-1756286419837809],[@bibr27-1756286419837809],[@bibr31-1756286419837809],[@bibr40-1756286419837809][@bibr41-1756286419837809]--[@bibr42-1756286419837809]^ reporting the mean number of infusions (in the 19--31 range) and 15 articles^[@bibr14-1756286419837809],[@bibr18-1756286419837809],[@bibr26-1756286419837809],[@bibr32-1756286419837809],[@bibr34-1756286419837809][@bibr35-1756286419837809]--[@bibr36-1756286419837809],[@bibr39-1756286419837809],[@bibr43-1756286419837809][@bibr44-1756286419837809][@bibr45-1756286419837809]--[@bibr46-1756286419837809],[@bibr48-1756286419837809],[@bibr49-1756286419837809],[@bibr53-1756286419837809]^ reporting the mean or median duration of therapy (in the range of 1--3.5 years).

Reasons for discontinuation of NTZ {#section16-1756286419837809}
----------------------------------

The most common reason for discontinuation of NTZ was by far fear and/or risk of PML, cited by 22 (63%) of the 35 studies. Only 10 (29%) studies used the STRATIFY test for anti-JCV antibodies to assess risk for some or all patients, though it should be noted that this test was not available until 2011. Other reasons for discontinuation of NTZ were also cited, including drug holiday (otherwise unspecified), family planning/pregnancy, patient choice. 'Lack of efficacy', 'efficacy issue', 'inefficacy', or 'treatment failure' were reported in 10 articles as the main reason for NTZ discontinuation in 5.5--20.1% of NTZ interrupters, according to different studies.^[@bibr14-1756286419837809],[@bibr17-1756286419837809],[@bibr21-1756286419837809],[@bibr30-1756286419837809],[@bibr36-1756286419837809],[@bibr38-1756286419837809],[@bibr41-1756286419837809],[@bibr48-1756286419837809],[@bibr50-1756286419837809],[@bibr53-1756286419837809]^ There were no clear differences observed between earlier and more recent studies in reasons given for discontinuation.

Washout duration and follow up {#section17-1756286419837809}
------------------------------

A total of 33 articles reporting detailed information about the washout period, i.e. the time elapsed between the last NTZ infusion and the end of observation (5 articles)^[@bibr15-1756286419837809],[@bibr31-1756286419837809],[@bibr32-1756286419837809],[@bibr44-1756286419837809],[@bibr45-1756286419837809]^ or the start of another DMT (28 articles).^[@bibr13-1756286419837809],[@bibr14-1756286419837809],[@bibr16-1756286419837809][@bibr17-1756286419837809][@bibr18-1756286419837809][@bibr19-1756286419837809][@bibr20-1756286419837809]--[@bibr21-1756286419837809],[@bibr26-1756286419837809],[@bibr27-1756286419837809],[@bibr30-1756286419837809],[@bibr34-1756286419837809][@bibr35-1756286419837809][@bibr36-1756286419837809][@bibr37-1756286419837809]--[@bibr38-1756286419837809],[@bibr42-1756286419837809],[@bibr44-1756286419837809],[@bibr52-1756286419837809],[@bibr40-1756286419837809],[@bibr41-1756286419837809],[@bibr43-1756286419837809],[@bibr45-1756286419837809],[@bibr47-1756286419837809][@bibr48-1756286419837809][@bibr49-1756286419837809]--[@bibr50-1756286419837809],[@bibr53-1756286419837809]^ The washout period was in the range of 1--12 months.

Follow-up duration ranged from 1 to 24 months after NTZ discontinuation, with only one study comparing the 6-year follow-up data (from treatment start) of patients who continued or discontinued NTZ treatment after a median time of 3.5 years.^[@bibr39-1756286419837809]^

Definition of disease activity following NTZ discontinuation {#section18-1756286419837809}
------------------------------------------------------------

A wide range of definitions of disease activity were used. Many of these included clinical disease activity (proportion of relapse-free or ARR) as well as EDSS score and MRI results. Imaging criteria for disease activity varied greatly, sometimes including one or more lesions (of particular or undefined dimension). In particular, seven studies used relapses alone,^[@bibr18-1756286419837809],[@bibr21-1756286419837809],[@bibr35-1756286419837809],[@bibr36-1756286419837809],[@bibr41-1756286419837809],[@bibr49-1756286419837809],[@bibr50-1756286419837809]^ 4 used MRI alone,^[@bibr28-1756286419837809],[@bibr32-1756286419837809],[@bibr44-1756286419837809],[@bibr52-1756286419837809]^ 16 used relapses and MRI,^[@bibr13-1756286419837809][@bibr14-1756286419837809][@bibr15-1756286419837809][@bibr16-1756286419837809]--[@bibr17-1756286419837809],[@bibr19-1756286419837809],[@bibr20-1756286419837809],[@bibr26-1756286419837809],[@bibr27-1756286419837809],[@bibr30-1756286419837809],[@bibr31-1756286419837809],[@bibr34-1756286419837809],[@bibr37-1756286419837809],[@bibr38-1756286419837809],[@bibr45-1756286419837809],[@bibr46-1756286419837809]^ and 2 relapses and EDSS;^[@bibr29-1756286419837809],[@bibr53-1756286419837809]^ and 6 used ARR, EDSS, and MRI.^[@bibr40-1756286419837809],[@bibr42-1756286419837809],[@bibr43-1756286419837809],[@bibr47-1756286419837809],[@bibr48-1756286419837809],[@bibr51-1756286419837809]^

For consistency, we use the term *post-NTZ disease reactivation* to refer to disease activity following NTZ discontinuation, and we specify the form of activity (relapses and/or MRI activity), reporting proportion of patients who reached outcome(s), when this information was available ([Table 1](#table1-1756286419837809){ref-type="table"}). We did not report data on EDSS change because all but one article had a too short follow up to draw conclusion on long-term risk of disability accrual.

The majority of studies made no attempt to distinguish post-NTZ disease reactivation from rebound. At present there is no agreed-upon definition of the rebound phenomenon, but it commonly indicates worsening of disease activity to levels greater than pretreatment levels following discontinuation of NTZ. Only 4 of the 35 studies^[@bibr20-1756286419837809],[@bibr41-1756286419837809],[@bibr45-1756286419837809],[@bibr50-1756286419837809]^ provided a definition of rebound. Capobianco and colleagues^[@bibr20-1756286419837809]^ defined rebound as the recurrence of disease activity with either the more than three Gd+ or 'tumor-like' lesions visible on MRI or a severe relapse with an increase in EDSS score of \>1.0 point. Sorensen and colleagues^[@bibr50-1756286419837809]^ set out a higher individual relapse rate after cessation of NTZ than before NTZ as the primary criterion of rebound. Lo Re and colleagues^[@bibr38-1756286419837809]^ defined rebound as the recurrence of disease activity with at least two of the following features: (i) an ARR increase in comparison with pre-NTZ disease course; (ii) one or more severe relapses with sustained disability progression (one-step EDSS increase); (iii) three or more new large T2 lesions and/or Gd+ lesions on MRI; and (iv) one or more new tumor-like demyelinating lesions on MRI. Kerbrat and colleagues^[@bibr45-1756286419837809]^ restricted rebound to cases with both severe relapse and 20 Gd+ lesions on MRI in the 6 months after NTZ discontinuation.

Rebound versus post-NTZ disease reactivation {#section19-1756286419837809}
--------------------------------------------

Despite the lack of a shared definition and heterogeneity, the percentage of patients experiencing rebound was reported in eight studies, ranging from 8% to 22% according to different studies. Havla and colleagues,^[@bibr17-1756286419837809]^ Miravalle and colleagues,^[@bibr31-1756286419837809]^ Rinaldi and colleagues,^[@bibr16-1756286419837809]^ Vellinga and colleagues,^[@bibr52-1756286419837809]^ and West and colleagues,^[@bibr30-1756286419837809]^ all report disease activity being increased over pretreatment levels in a small proportion of patients after discontinuation of NTZ. Rebound effects were notably absent from the large study by O'Connor and colleagues^[@bibr26-1756286419837809]^ as well as from the studies by Kaufman and colleagues,^[@bibr44-1756286419837809]^ Magraner and colleagues,^[@bibr14-1756286419837809]^ Rossi and colleagues,^[@bibr19-1756286419837809]^ and Stuve and colleagues.^[@bibr51-1756286419837809]^ These apparent discrepancies may be due to differences in follow-up duration, the number of patients (as many cohorts were small), pre-NTZ disease activity, the adopted definition of rebound.

Post-NTZ disease reactivation was reported in a highly variable proportion of patients in the different studies. Relapses were reported by 9--80% of patients among those interrupting NTZ, generally starting at 3 months, peaking at 4--7 months, and returning at the pre-NTZ interruption level at approximately 12 months.^[@bibr16-1756286419837809],[@bibr26-1756286419837809],[@bibr27-1756286419837809],[@bibr30-1756286419837809],[@bibr36-1756286419837809],[@bibr45-1756286419837809],[@bibr47-1756286419837809],[@bibr49-1756286419837809],[@bibr50-1756286419837809]^

Data on MRI activity were reported in 27 articles. MRI activity, expressed as Gd+ lesions, generally first detected approximately at 6--7 weeks post-discontinuation.^[@bibr28-1756286419837809]^ The proportions of patients with MRI activity varied widely according to washout duration and type of treatment administered following NTZ. The smaller proportion of patients with MRI activity (7%) was observed among the group randomized to interferon beta in the RESTORE trial.^[@bibr13-1756286419837809]^ The greater proportion of patients with MRI activity was reported by Ferré and colleagues^[@bibr37-1756286419837809]^ (87%) despite the switch to alternative DMT (glatiramer acetate and interferon beta) at 1 month post-NTZ discontinuation.

Risk factors for post-NTZ disease reactivation {#section20-1756286419837809}
----------------------------------------------

In the largest study, the *post hoc* analysis of data from AFFIRM, SENTINEL, and GLANCE by O'Connor and colleagues,^[@bibr26-1756286419837809]^ post-NTZ disease reactivation (increased ARR) was observed regardless of overall NTZ exposure, whether or not patients received alternative DMTs, and whether or not patients had highly active MS disease. In the study by Sangalli and colleagues,^[@bibr27-1756286419837809]^ higher pretreatment NTZ disease activity, defined as an ARR of 3 or more in the year prior to NTZ start and/or at least three Gd+ lesions at baseline brain MRI, was correlated with an increased risk of post-NTZ disease reactivation (occurrence of relapses and/or MRI activity). Moreover, even with alternative DMTs, the risk of post-NTZ disease reactivation peaked between the second and the eighth month after NTZ suspension.^[@bibr27-1756286419837809]^

Eight studies reported an increased risk of post-NTZ disease reactivation even after starting an alternative DMT, especially in case of longer washout period (more than 2--4 months).^[@bibr17-1756286419837809],[@bibr18-1756286419837809],[@bibr21-1756286419837809],[@bibr38-1756286419837809],[@bibr41-1756286419837809],[@bibr43-1756286419837809],[@bibr48-1756286419837809],[@bibr50-1756286419837809]^

In the large investigation by Iaffaldano and colleagues,^[@bibr21-1756286419837809]^ an increased risk of post-NTZ disease reactivation (as assessed by number of relapses) during the washout period was also found in patients with a higher number of relapses before NTZ treatment \[incidence rate ratio (IRR) = 1.31, *p* = 0.0014\], whereas the strongest independent factors influencing relapse risk after the start of switch therapies were a washout duration longer than 3 months (IRR = 1.78, *p* \< 0.0001), the number of relapses experienced before (IRR = 1.13, *p* = 0.0118) and during (IRR = 1.61, *p* \< 0.0001) NTZ treatment, and the presence of comorbidities (IRR = 1.4, *p* = 0.0097).^[@bibr21-1756286419837809]^

Vidal-Jordana and colleagues^[@bibr53-1756286419837809]^ reported the following about predictors of different types of post-NTZ disease reactivation: (i) post-NTZ relapses were predicted by experiencing either relapses or a one-step EDSS increase while on NTZ treatment; (ii) a two-step EDSS increase was predicted by higher baseline EDSS score and one-step EDSS increase while on NTZ treatment; and (iii) Gd+ lesions were predicted by a higher number of pretreatment Gd+ lesions, a higher baseline EDSS score, and a one-step EDSS increase while on NTZ treatment.

Joukubaitis and colleagues^[@bibr18-1756286419837809]^ reported that the number of relapses in the 6 months prior to NTZ start \[hazard ratio (HR) = 1.59 per relapse; *p* = 0.002\] and a gap in treatment (i.e. time elapsed from NTZ discontinuation to the next DMT administration) of 2--4 months compared with no gap (HR = 2.10; *p* = 0.041) were independent predictors of post-NTZ disease reactivation (time to first relapse on fingolimod).

Although the study by Grimaldi and colleagues^[@bibr28-1756286419837809]^ was not specifically designed to investigate post-NTZ disease reactivation, they found that the risk of MRI activity (Gd+ lesions) in patients with delayed NTZ dosing (i.e. more than 7 up to 12 weeks) was higher with shorter treatment duration (odds ratio = 0.92 per infusion; *p* = 0.006), confirming previous data from Vellinga and colleagues.^[@bibr52-1756286419837809]^

Other studies did not investigate or did not report on risk factors for post-NTZ disease reactivation, though this is not necessarily unexpected, as many were small studies and not powered to reveal such differences.

Risk of sustained disability accrual after NTZ discontinuation {#section21-1756286419837809}
--------------------------------------------------------------

Nearly all studies exploring the consequences of NTZ discontinuation had follow-up times of 12--15 months or less. It is thus of interest to evaluate the risk--benefit profile of NTZ at longer periods to determine the risk of PML and worsening of disability, as was done in the study by Prosperini and colleagues.^[@bibr39-1756286419837809]^ Of the 415 patients followed in this study, 318 received standard NTZ treatment without showing evidence of disability worsening in the first 2 years and were included in the 6-year follow-up analysis, with 61.6% remaining on treatment and 38.4% discontinuing (after a median time of 3.5 years). Patients in the discontinuing group had more than twice the risk of sustained disability worsening (HR = 2.3; *p* = 0.007), and a 68% lower likelihood of disability reduction (HR = 0.31; *p* = 0.009) compared with the continuing group.

The risk of sustained disability worsening in the discontinuing group increased with older age (HR = 1.04 per year; *p* = 0.04) and greater EDSS score (HR = 1.43 per step; *p* = 0.004). In case of NTZ discontinuation, the overall risk of disability worsening is 1 in 3, increasing to 1 in 2 if the EDSS score at start of NTZ treatment is greater than 3.0. These results highlight the need for further confirmatory studies on disability worsening in the long term.

Meta-analysis {#section22-1756286419837809}
-------------

The PubMed search initially yielded 205 studies, as described earlier ([Figure 1](#fig1-1756286419837809){ref-type="fig"}). After screening for duplication and removing duplicated data, six studies^[@bibr21-1756286419837809],[@bibr31-1756286419837809],[@bibr35-1756286419837809],[@bibr39-1756286419837809],[@bibr41-1756286419837809],[@bibr45-1756286419837809]^ were selected for quantitative analysis, which included a total of 1183 patients with RRMS who discontinued NTZ ([Table 2](#table2-1756286419837809){ref-type="table"}). The proportions of patients experiencing post-NTZ disease reactivation (defined as the occurrence of at least one clinical relapse after NTZ withdrawal and before starting another DMT) in these studies ranged from 17% to 67% at median follow-up times from 3 to 9 months.^[@bibr21-1756286419837809],[@bibr31-1756286419837809],[@bibr34-1756286419837809],[@bibr39-1756286419837809],[@bibr41-1756286419837809],[@bibr45-1756286419837809]^ Overall, 338 (28.6%) of the 1183 patients included in the meta-analysis experienced post-NTZ disease reactivation. Forest plots summarizing the main findings of the meta-analysis are shown in [Figure 2](#fig2-1756286419837809){ref-type="fig"}. Younger age (*z* = 1.48, *p* = 0.009), more relapses in the year prior to NTZ initiation (*z* = 5.18, *p* \< 0.001), a higher number of Gd+ lesions at pre-NTZ scan (*z* = 2.06, *p* = 0.04), and fewer infusions received before treatment discontinuation (*z* = 1.96, *p* = 0.05) were associated with increased risk of post-NTZ disease reactivation. No significant study heterogeneity (*I*^2^ of 0--21%, *p* \> 0.2) or publication bias (Egger *p* values of 0.10--0.68) was revealed.

###### 

Characteristics of studies included in the meta-analysis.

![](10.1177_1756286419837809-table2)

  ---------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                           Sample size                                                 Post-natalizumab\      Washout\   
                                                                                                              disease reactivation   median\    
                                                                                                                                     (months)   
  ----------------------------------------------- ----------------------------------------------------------- ---------------------- ---------- -----
  Kerbrat et al.^[@bibr45-1756286419837809]^      27                                                          18                     67         \~6

  Miravalle et al.^[@bibr31-1756286419837809]^    32                                                          12                     38         \~4

  Rossi et al.^[@bibr34-1756286419837809]^        56[\*](#table-fn2-1756286419837809){ref-type="table-fn"}    39                     70         \~6

  Cohen et al.^[@bibr41-1756286419837809]^        333                                                         90                     27         \~4

  Iaffaldano et al.^[@bibr21-1756286419837809]^   613                                                         119                    19         \~3

  Prosperini et al.^[@bibr39-1756286419837809]^   122[\*](#table-fn2-1756286419837809){ref-type="table-fn"}   82                     67         \~9
  ---------------------------------------------------------------------------------------------------------------------------------------------------

Subgroup of patients who discontinued natalizumab.

![Forest plots showing main results of the meta-analysis on six articles.^[@bibr21-1756286419837809],[@bibr31-1756286419837809],[@bibr35-1756286419837809],[@bibr39-1756286419837809],[@bibr41-1756286419837809],[@bibr45-1756286419837809]^\
The study by Cohen et al.,^[@bibr41-1756286419837809]^ Iaffaldano et al.^[@bibr21-1756286419837809]^ Kerbrat et al.,^[@bibr45-1756286419837809]^ and Rossi et al.^[@bibr35-1756286419837809]^ were not included in all subanalyses given lack of data on disease duration^[@bibr41-1756286419837809]^ and Gd+ lesions^[@bibr21-1756286419837809],[@bibr35-1756286419837809],[@bibr41-1756286419837809]^ at natalizumab start, and number of natalizumab infusions before interruption.^[@bibr35-1756286419837809],[@bibr45-1756286419837809]^\
CI, confidence interval; IV, inverse variance; MS: multiple sclerosis; SD: standard deviation.](10.1177_1756286419837809-fig2){#fig2-1756286419837809}

Discussion {#section23-1756286419837809}
==========

The present systematic review has the major objective of better understanding the available clinical evidence regarding the risk of post-NTZ disease reactivation. NTZ is most commonly discontinued for a perceived or real risk of PML, although several other reasons were cited in the literature, including pregnancy, patient choice, and even treatment failure.

Although NTZ is efficacious and well tolerated, it is recommended that NTZ treatment should be continued in patients at higher risk of developing PML only if benefits outweigh the risks. However, there is presently no approved strategy for circumventing disease reactivation following discontinuation of NTZ.

In this context, there is a need for greater lexical clarity and consistency, with multiple terms having been used in the literature to define post-NTZ disease activity reactivation, including 'recurrence of disease activity', 'immune reconstitution syndrome', and 'rebound'. The term 'recurrence of disease activity' seems to be generic, because this phenomenon has been described even after pregnancy^[@bibr54-1756286419837809]^ or suspension of other DMTs, such as interferon beta and fingolimod.^[@bibr55-1756286419837809][@bibr56-1756286419837809][@bibr57-1756286419837809]--[@bibr58-1756286419837809]^ The term 'immune reconstitution syndrome' generally refers to the overwhelming inflammatory reaction occurring as a result of the reconstitution of the immune system in a previously immunocompromised patient,^[@bibr59-1756286419837809]^ but in the context of multiple sclerosis this term has been used to indicate exaggerated disease reactivation following NTZ interruption and/or forced NTZ removal by plasma exchange.^[@bibr60-1756286419837809]^

In general, the term 'rebound' has been defined as 'recurrence of symptoms of the original disorder after discontinuation of the drug; the symptoms are of equal or greater intensity to those occurring before the start of the drug treatment'.^[@bibr61-1756286419837809]^ In the context of MS treatment there is no shared definition for rebound and only few articles provided a mixed description of this phenomenon.^[@bibr20-1756286419837809],[@bibr38-1756286419837809],[@bibr45-1756286419837809],[@bibr50-1756286419837809]^

Therefore, this term does not seem adequate for several reasons: (i) its application is closely dependent on the baseline characteristics of patients, as patients starting NTZ with lower levels of disease activity are paradoxically more likely to be defined as having rebound^[@bibr48-1756286419837809]^; (ii) rebound-like phenomena have also been reported after discontinuation of fingolimod^[@bibr56-1756286419837809][@bibr57-1756286419837809]--[@bibr58-1756286419837809]^ and may be better defined in a qualitative manner (e.g. as the occurrence of tumefactive or tumor-like lesion following DMT discontinuation) rather than a quantitative one; and (iii) the possibility of a rebound phenomenon after NTZ discontinuation was not supported by a *post hoc* analysis including also data from patients originally treated with placebo.^[@bibr26-1756286419837809]^

A total of 35 studies were selected from a PubMed search for inclusion herein. Overall, these studies showed substantial heterogeneity in sample sizes, study designs, discontinuation protocols, criteria for disease reactivation, and duration of follow up. Such heterogeneity, together with potential reporting bias, are the most important limitation of the present work, even if meta-analyzed studies showed no statistical heterogeneity and no publication bias.

In summary, radiological reactivation was experienced by 7--87% of patients commonly at 6--12 weeks after NTZ discontinuation,^[@bibr28-1756286419837809]^ often prior to the onset of any associated clinical reactivation, which occurred in 9--80% of patients and peaked at approximately 4--7 months after the last infusion.^[@bibr13-1756286419837809],[@bibr27-1756286419837809]^ Starting an alternative high-efficacy DMT within 2--4 months from NTZ discontinuation could mitigate this risk.^[@bibr17-1756286419837809],[@bibr18-1756286419837809],[@bibr21-1756286419837809],[@bibr38-1756286419837809],[@bibr41-1756286419837809],[@bibr43-1756286419837809],[@bibr48-1756286419837809],[@bibr50-1756286419837809]^

This timing is consistent with the reversal of the pharmacodynamic effects of NTZ; decline in peripheral immune cells and other markers starts 8--12 weeks after discontinuation, with levels reaching those expected in untreated patients around 16 weeks post-discontinuation.^[@bibr62-1756286419837809]^

The timing of the pharmacodynamic reversibility of NTZ should be considered when initiating an alternative therapy. Indeed, there are no established protocols for timing and choice of next DMT in patients who interrupt NTZ therapy, which was reflected in the wide range of therapies, timing, and duration of interruption in the studies included.

Disease control is often incomplete in patients receiving alternative therapies after NTZ discontinuation. The RESTORE trial provides class II evidence that NTZ interruption in relapse-free patients increases the risk of relapses and MRI activity even if an alternative DMT, namely interferon beta-1a, glatiramer acetate, and steroids, is started immediately after NTZ cessation.^[@bibr13-1756286419837809]^ These results are consistent with another multicenter Italian study providing class III evidence of an increased risk of post-NTZ disease reactivation^[@bibr40-1756286419837809]^ and other, smaller observational and retrospective analyses in which treatment interruption led to recurrence of clinical and MRI activity despite alternative DMT or steroid administration.

Considering the known efficacy of fingolimod, some authors have studied it as an alternative DMT in patients discontinuing NTZ.^[@bibr41-1756286419837809],[@bibr43-1756286419837809],[@bibr63-1756286419837809]^ One large retrospective study reported that fingolimod has superior efficacy to interferon beta and glatiramer acetate,^[@bibr21-1756286419837809]^ and several studies reported that in patients with RRMS switching from NTZ to fingolimod, shorter NTZ washout periods are associated with less MRI activity.^[@bibr43-1756286419837809],[@bibr63-1756286419837809]^ However, a recent retrospective cohort study of 256 patients discontinuing NTZ because of anti-JCV antibodies reported that rituximab is superior to fingolimod in prolonging the beneficial effect of NTZ after its discontinuation.^[@bibr22-1756286419837809]^ Moreover, some authors have also suggested switching from NTZ to alemtuzumab to reduce the risk of post-NTZ disease reactivation.^[@bibr64-1756286419837809]^ Still, it may be difficult to determine if other monoclonal antibodies actually reduce the risk of developing PML in high-risk patients, given the low event rate for PML even among those patients with all three risk factors described above.^[@bibr24-1756286419837809],[@bibr25-1756286419837809]^ Given the small number of studies looking at post-NTZ therapies and their short follow up, the risk of developing PML not only with monoclonal antibodies, but also with small molecules such as fingolimod and dimethyl fumarate, is still uncertain.

Regarding predictors of disease activity in patients discontinuation NTZ, our meta-analysis of six studies involving 1183 patients with RRMS confirms that post-NTZ disease reactivation (defined as the occurrence of at least one relapse) is associated with certain patient characteristics at NTZ start (younger age), pre-NTZ level of disease activity (higher number of relapses and Gd+ lesions), and shorter duration of treatment. An insufficient number of studies investigated the risk of post-NTZ disability worsening for performing a meta-analysis on this outcome to be possible. However, it is noteworthy that older age, higher EDSS score, and EDSS worsening while on NTZ have been reported as risk factors for both short-term and long-term post-NTZ disability worsening.^[@bibr39-1756286419837809],[@bibr53-1756286419837809]^

Some conclusions can be reached on the basis of the available evidence. First, NTZ discontinuation should be avoided to maintain effectiveness in disease suppression, when possible (e.g. anti-JCV antibody-negative serostatus).^[@bibr65-1756286419837809]^ Second, patients at lower risk of post-NTZ disease reactivation usually were older, experienced fewer relapses and lower MRI activity before starting NTZ, and received more infusions. If a patient requires discontinuation from NTZ, risk profiling can help predict patients at greater risk of post-NTZ disease reactivation. Third, we strongly recommended the use of the term 'post-NTZ disease reactivation' and suggest avoiding the term 'rebound' to merely indicate severe relapses or impressive MRI activity following NTZ discontinuation, at least until consensus is reached on an objective definition. Finally, there is class II/III evidence that interferon beta formulations, glatiramer acetate, and steroids do not provide adequate disease control following NTZ discontinuation.^[@bibr13-1756286419837809],[@bibr40-1756286419837809]^

We hope the findings from this meta-analysis help clinicians identify patients who are at greater risk of post-NTZ disease reactivation and therefore might be considered for switching to high efficacy DMTs^[@bibr22-1756286419837809],[@bibr24-1756286419837809],[@bibr64-1756286419837809]^ after a careful screening for subclinical PML or any other comorbid condition that could be aggravated by other DMTs. Based on the pharmacodynamic effect of NTZ, the next DMT should be started preferably within 8 weeks from NTZ interruption, because longer washout duration are reported to be associated with higher risk for disease reactivation.^[@bibr17-1756286419837809],[@bibr18-1756286419837809],[@bibr21-1756286419837809],[@bibr38-1756286419837809],[@bibr41-1756286419837809],[@bibr43-1756286419837809],[@bibr48-1756286419837809]^ In addition, the results from the RESTORE study^[@bibr13-1756286419837809]^ suggest that continuing MRI surveillance as late as 12--16 weeks after the last infusion may further facilitate identification of patients at future risk of post-NTZ disease reactivation. However, given the limitations of our work, mainly due to between study variability and potential reporting bias, further efforts are warranted to provide evidence on how to manage NTZ discontinuation.
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